ELECTRONIC CIRCUITS NAYSHIPS 
SECTION 17 
WAVESHAPING CIRCUITS 
R-C DIFFERENTIATOR. 
APPLICATION, 
The R-C differentiator is used to produce a pip or peak- 


ed waveform, for timing or synchronizing purposes, from a 
square of rectangular-shaped input signal. It is also used 

to perform the electrical analog of differentiation for compu- 
ter applications. It may alse be used to produce specifically 
distorted waveshapes for specia! applications, such as 
trigger and marker pulses. 


CHARACTERISTICS. 
input waveshape distorted (nonsinusoidal). 
Short time constant R-C network used. 
Functions essentially as a high-pass filter. 
Output taken from across the resistor. 


No amplification produced. 


CIRCUIT ANALYSIS. 

General, The output of a differentiator is proportional 
to the rate of change of the input signal. For a rising 
(positive-going) input the differentiator produces a positive 
pulse, for a falling {negative-going) input it produces a neg- 
ative pulse, and, for a constant input it produces no out- 
put. The differentiator electronically simulates the math- 
ematical operation of taking the first derivative. Second, 
third, and fourth derivatives may be obtained by cascading 
an equivalent number of differentiators. Theoretically the 
differentiator is accurate only when the output voltage is 
very smal] in comparison with the input voltage. In practice, 
this is achieved by using the shortest possible time constant 
for the highest frequency component involved in the wave- 
form being differentiated. For computer, fire control, ond 
similar operations, differentiation of the basic signal 
voltage produces an output voltage that represents the speed 
of the object, double differentiation yields the acceleration 
of the object, and triple differentiation yields the rate of 
change of acceleration. For timing and synchronizing use, 
a shorp pulse is produced for each leading edge and trail- 
ing edge of the input waveform. Although the circuit pro- 
vides no amplification, for a square-wave input the peak 


output of the differentiator is twice that of the input signal, 


a positive pulse being produces for the positive leading 
edae and a negative pulse for the neqative trailing edge. 
For other nonsymmetrical waveforms, since no éc component 


ed th eolant the coupling capacitor, ¢ peak output 


5 th kimi obtain ned, oid the output waveform: 


is arranged about the average value as a zero axis. When 
differentiated, a triangular pulse will produce a rectangular 


in shape 
os Cpe 


Guiput; a sini x 
put the signal will be shifted in phase ad yeduiced in am- 
plitude. The 
outputs for different input waveforms, 


c 


differentiator is shown in the fouow 


schematic. The input is applied between the capacitor and 
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ground, and the output is taken across the resistor. Usually 
this R-C combination constitutes the input or interstage 
coupling network; especially where R-C coupling is used. 
When the reactance of capacitor C at the highest fre- 
quency to be passed is neglibible, the entire input voltage 
is applied across the resistor. The capacitor quickly 
charges on the leading edge of the input pulse, and this 
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QUTPUT 


Differentiating Network 


high-frequency signal is passed, essentially without attenu- 
ation, to the input of the following amplifier or control 

time between the leading and trailing edges 
of the input signal is relatively long (greater than 10 time 
constants), the capacitor charges, producing a peaked wave- 


The trailing edge then allows the capacitor 


edge 0 occurs. 
charge to be impressed across the resistor, and the capaci- 


Charge'to belimpressed esistor 
tor discharges, producing another peaked wavalormn however, 
this time it is of reversed polarity, after which it remains 
the next input pulse. The passage of the 

stor 2 develoos the voltage 


stor Ro Geve.ops 


which is the output ot the difterenuator. An exaggerated 
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version of the differentiator current and voltage waveforms 
is shown in the following illustration. 
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Differentiator Current and Voltages 


The exact functioning of the differentiator is easy to 
understand by considering the charge on coupling capacitor 
C, shown in the schematic drawing. Referring to the current 
and voltage waveforms of the preceding figure, assume a 
100-microsecond square-wave input, with a 100-volt ampli- 
tude. At time t,, capacitor C is assumed to have no charge, 
and the leading edge of the square wave is applied. Since 
the charge, or voltage on the capacitor cannot change in- 
stantaneously, but takes a finite time, a high current flows 
through resistor R and creates a large pulse of voltage, 
which is in effect the leading edge of the square wave 
passed through the capacitor. During the interval between 
time t, and t,, the capacitive charging current through C 
decteases in an exponential manner. The time required to 
charge or discharge the capacitor is determined by the cir- 
cuit time constant. In this instance, assume that C is 100 
picofarads and R is 100 kilohms; then the RC time constant 
is 10 microseconds. From the universal time constant chart 
in Section 2, it is seen that in 50 microseconds (5 time 
constants) the capacitor will have charged to 99.3% of the 
maximum possible charge, and that in 100 microseconds 
(10 time constants) a complete charge (or discharge) is 
assured, The current and voltage illustration shows the 
capacitor charging current for the 100-microsecond period 
(the figure is also a representation of the output voltage of 
the differentiator). Between t, and t, the square wave 
amplitude is constant and, since there is no change, the 
differentiator does not produce an output. The capacitor 
voltage changes from zero toward o maximum value of 100 
volts (assuming no losses); the charging voltage is bucked 
by the capacitor voltage, thus producing the exponential 
charging rate. By the end of period t, the capacitor fs fully 
charged and the negative-going trailing edge of the input 
signal occurs, causing an instantaneous high flow of dis- 
charge current through R, Between t, and t, capacitor C 
discharges in a manner similar to that of the charge, and 
the negative differentiated spike is produced across R. To 
be a true mathematical derivative of the input voltage, 
the capacitor voltage must equal the input voltage, and the 
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current will be proportional to the derivative of the input 
voltage. This condition can be approached by reducing the 
value of R until practically all of the voltage developed 
appears across the capacitor instead of the resistor. At 
this time R is practically a short circuit andno output exists. 
Therefore, in practical differentistors, the time constant is 
teduced to as small a value as possible. Usually a time 
constant of 1/10th the period of the input pulse produces 
satisfactory output spikes. The effect of reducing the time 
constant con be understood by referring again to the pre- 
ceding illustration of current and voltage wavetorns. 

Assume a time constant of only ] microsecond; then in 
10 microseconds the capacitor is fully charged, and the 
circuit rests for 90 microseconds until another change 
occurs. Actually, since usually only the top portion of the 
differentiated signal is selected for use, the approach to a 
true thin spike is practically achieved and the effective 
charging period occurs for only a fewmicroseconds. For 
timing, marker and synchronizing uses, the width of this 
spike in some cases is not very critical, since the leading 
edge rather than the trailing edge is used. Where the trail- 
ing edge is used, the width of the spike is important. In 
computer use, where the mathematica! analog is important, 
both R and the time constant are reduced to the lowest 
possible value. Practical limitations imposed on these 
values are the input and output resistances of the stages 
between which the differentiator is connected, and stray 
Capacitance across the differentiator output produces a ca- 
pacitive voltage divider effect, which limits the output 
voltage to a lower value than the applied input voltage, 
Also, when the percentage change in capacitance is on the 
order of 20% of the value of C, the RC time constant is af- 
fected. With the example given in the figure, a stray ca- 
pacitance of 20 picofarads (because of wiring, parts place- 
ment, etc) is one-fifth (or 20%) of the value of C, and this 
would effectively change the charge time. ‘Or, considering 
the stray capacitance as producing a frequency-selective 
effect, it is clear that the high frequencies in the input 
signal (which cause the effect that the differentiator utilizes) 
would tend to be bypassed to ground, leaving only the low 
frequencies, which have a slow rate of change and produce 
little effect on the differentiator. 


FAILURE ANALYSIS. 

No Output. Since only two components are involved, it 
is evident that only an open circuit at the input, or a short 
circuit at the output, could produce a no-output condition 
(open capacitor or shorted resistor). 

Distorted Output. Only a change in component values 
or associated stray capacitance and resistance values 
could change the time constant ond waveshapes, Distorted 
output is usually caused by improper input signals. When 
checking the waveform at the differentiator, the effect of the 
shunt resistance or capacitance produced by the test in- 
strument input should be considered. When distortion is 
discovered in the following tube circuits, it is probably 
caused by improper action in these circuits. A direct check 
of the output as compared with the input to the differentiator 
using a high-impedance oscilloscope, will indicate whether 
the circuit is performing properly. A shorted capacitor or 
an open resistor would cause the output to be a duplicate of 
the input (no differentiation taking place}. 


17-2 


ELECTRONIC CIRCUITS NAVSHIPS 


R-L DIFFERENTIATOR. 


APPLICATION. 

The K-L differentiator is used to distort an applied wave- 
form (oneh a: are wave) into a peaked wave for the pur- 
pose Ises. 


jtrigge: und miurker 4 ht isalso used 
to electronically pertorm the mathematical function of dif- 

ferentiation i in Computers , and for s seperatiny he: horizontal 
sync in television receivers. 


CHARACTERISTICS. 
Produces distortion of the input waveiorm. 
Has a short time constan 


Qutput is taken fre 


Functions eesentially as a high-t 
Output is similar to the output of 


CIRCUIT ANALYSIS. 
The output of a differentiator 1s Proportional 
to therate of Sri of the i 
tive going} input the differentia 
for a falling (neqative ying) input it produces 
pulse, and for aconstant input it pr 
differentiator electronically simulates the 
operation of taking the first derivative. Second, third, and 
fourth derivatives may be obtained by cascading an equiva- 
lent number of differentiators. Theoretically the differ- 
entiator is accurate only when the output voltage is very 
small in compar /. In practice, 
this is achieved by using the shortest poscible time constant 
for the highest frequency component involved in 
form being differentiated. 
similar operations, differentiation of the basic 3 


age produces an output voltage that represents 


Generat, 


notenmm 


on with the input velte 


fire 


Por computer, 


tne speed 


of the object, double differentiation yielis the rite of change 


of acceleration an 
Por tuning an: 


pulse is produced for eact 
the input waveform, 

Circuit Operation. A schematic of abasic R- 
entigtor is shown in the accompaning iNustration. 

The input is applied between the resistor an¢ ground 
ang tne output 1s taken across tr 
stant (in seconds) of an R-L circu 
inghctange (in Henry ) byt u 


necessary to incr 


ao in the RAT. duit. The 
ductor cuuses it to have they property opsesin;« any 
db wal beit Tluw. by eke ITdthy TO has a, 
chart in Section Z of the Hendbock, it i 


time intervals. Likewise, wher the source is removed 
counter emt of opposite polarity is int 
and tise tends to keer current flowing. 


decrease 
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Basic R-L Differentiator Circuit 


peaked waveforin a; 
put waveform nas ¢ shape that is similar to the oliteut ob- 
tained from an R/C differentiator. 

The exact functioning of the differentiator may be easier 
understood + referring to the accompanying illustration. 
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is decreasing, and, since the output is taxen across L, it 
is also decreasing {the decrease of voltage across coil L 
represents the voltage used in building up a magnetic field 
around L). The sum of the voltage drops across R and L 
equal the applied voltage. The current through inductor L 
increases exponentially and the voltage ccross resistor R 
increases, likewise. Since the time constant assumed in the 
illustration is 10 microseconds and the pulse width is 100 
microseconds the steady-state condition is reached before 
the pulse ends. Since there now is no change in current, 
there is no voltage developed across the inductor and the 
output voltage is zero. At time t, the trailing edge of the 
input pulse occurs and drives the signal in anegative direc- 
tion. Instantly a negative 100 volt spike appears across L 
and at the output. At thesame time, the field around the 
coil collapses and produces a current through L in the op- 
posite direction. During time t, to t, the negative voltage 
across the inductor decreases exponentially while the cur- 
rent increases exponentially. As thecurrent flow through R 
increases, the voltage drop across it, likewise increases, 
and the sum of the voltage drops across R and L equals the 
applied voltage. Witn the 10 microsecond time constant 
and 100 microsecond pulse width, the steady state condition 
is again reached before the pulse ends. Since there now 
is no change in current, there is no voltage developed across 
the inductor and the output voltage is zero. At time t,, the 
positive-qoing leading edge of the pulse appears and the 
cycle repeats. 

The accompanying illustration shows the differentiated 
output waveforms for several different input waveforms. 


A 8 c D 
Differentiating Effects upon Different Waveforms 


Although the circuit provides no amplification, for a 
square wave input, the peak output of the differentiator is 
twice that of the input signal. A positive pulse is produced 
for the positive leading edae and a negative pulse for the 
negative trailing edge. 

With a sine-vave input the outputremains a sine-wave 
as shown in part B of the illustration, the only differences 
being that the output sine-wave is of a smaller amplitude 
and isadvanced in phase. The advance for a perfect dif- 
ferentiator is 90 degrees, but 89 degrees is not uncommon. 

The sawtooth, shown in part C of the illustration is 
converted into a low amplitude square wave. Part D il- 
lustrates effect of a differentiator upon the application of a 
complex waveform. 
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Since the inductor has distributed (turns} c 
across it, undesired resonant respon. may opin LR 
circuits containing large values of i once; efore, 
the use of these networks is usually limited to high frequency 
applications. 


pacitance 


FAILURE ANALYSIS. 

No Output. Since only two components are involved, it 
is evident that only an open circuit at the input, or a short 
circuit at the output, could produce a no-output condition. 

Low or Distorted Output. Only a change in component 
values or associated stray capecitance, inductance, and 
resistance values could change the time constant and wave- 
shapes. Distorted output is usually caused by improper input 
signals. When checking the waveform ot the differentiator, 
theeffect of the shunt resistance or capacitance produced by 
the test instrument input should be considered. When 
tortion is discovered in the following tube circuits, it is 
probably caused by improper actior. in these circuits. A di- 
rect check of the output as compared with the input of the 
differentiator using a high-impedance oscilloscope, wil! 
indicate whether the circuit is performing properly. A 
shorted resistor or an open coil would cause the output to be 
a duplicate of the input (no differentiation taking place). 


R-C INTEGRATOR. 


APPLICATION. 

The RC integrator is used as a waveshaping network 
in radio, television, rader, and computers, as well as many 
other special electronic applications. 


CHARACTERISTICS. 
Input waveshape distorted (non-sinusoidal). 
Produces a distortion of the input waveform. 
Provides a wider range of time constants than an R-L 
integrator. 
Has a long time constant. 
Output is taken from across the capacitor. 
Has the confiquration of a low-pass filter. 
No amplification is produced. 


CIRCUIT ANALYSIS. 

General. The RC integrator circuit works in almost 
exact opposition to the RC differentiator. It hes a long 
time constant, and the output is taken from across the ca- 
pacitor. The time constant of the integrator circuit should 
be 5 times (or more) the period of one alternation of the 
input waveform, for the circuit to electronically perform the 
mathematical operation of integration. As in the case of the 
differentiator, thisaction in practice is approximete, but 
the approximation can be made very close. 

The higher the resistance in the RC integrator, the 
mare closely the output voltage follows the ideal intearator 
waveform. However, the higher this resistance, the smaller 
the output voltage. Conversely, decreasing the resistance 
in the RC integrator circuit, results in a shorter time con- 
stant and a higher output voltage. However, as the resist- 
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ance is reduced in value, the output voltage departs from 
the ideal integrator waveform. In fact if the resistance, 


{and time constant) of the R-C circuit is sufficiently reduced, 


a point will be reached where the circuit no longer acts as 
an integrator. 

The output of an integrator is in the form of ¢ voltage 
that iepresenis tne average energy content of the input sig- 
nal. For example, if the input is a steady dc voltage, the 
same voltage will appear ct the ee but, it the input is 
in the form of a series of narrow, widely separated pulses, 
the output voltage will be only a fection of the input pulse 
value, 

Circuit Operation, A schematic of a basic RO integrator 
is shown in the accompanying illustration. 
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Basic R-C Integrator Circuit 
As the square wave voltage applied to th it of the 
circuit goes positive, the capacitor charges ex ponetliully 
at a rate determined by the time constant of the circuit. 
This time constant is calculated by multiplyin value 


of theresistor by the value of the cepacitor (T=RC). For 
instance, a circuitcontaining a LOOK resistor and @ 50 pico- 


farad capacitor would have a time constant of § microseconds, 


and ifthe value of the capacitor 
500 picofarads, the time constant ‘vould be ten times longer 
or 50 microseconds. The rise in voltage across the capacitor 


occurs as the voltage ocross [i cecicuses drum its ida hati 
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ing a long time constar:t circuit, and to use only the straight 
portion of the exponential charge waveform for linearity. 

The accompanying waveform illustration shows the 
integrating effect of various time constants on 9 square 
wave, 
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As cami be seen from the waveforms in the illustration, 
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be approximately equivalent to the full pulse width. A long 


or extremely long time constant would be considered to 
amount to two or three pulse widths or longer. 


Fer-AV 


| 
' 
{ 
1 
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Integrating Effect of Different Waveforms 


The accompanying illustration shows different types of 
inputs and their respective output for an R-C integrator 
circuit. The amplitudes of the waveshapes are different 
and bear no relation to each other as shown in the illustra- 
tion. When a peaked waveform is applied to an R-C integra- 
tor circuit, the resultant output will be a square waveform. 
Applying a square wave to the input of an integrator circuit 
produces an output waveform of tricnqular shape. The 
integration of a triangular wave results in a parabolic out- 
put wave. Integrating a sine wave by an RC circuit pro- 
duces another sine wave with a different amplitude and 
phase, but with the same sinusoidal waveshape (usually 
considered to be a cosine waveform). 


FAILURE ANALYSIS. 

No Output. Since only two components are involved, 
it is evident that only an open circuit at the input, or a shat 
circuit at the output, could produce a no-output condition 
{open resistor or shorted capacitor). Both of these items 
could be checked for with an ohmmeter. If the resistor is 
open the meter will indicate infinity, and if the capacitor is 
shorted the meter will read zero ohms. 

Distorted Output. Only a change in component values, 
or associated component values, could change the time 
constant and waveshapes. Distorted output is usually 
caused by improper input signals. When distortion is 
covered in the following tube or transistor circuits, it is 
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sé circuits. A 

the input to the 
illescope, will indicate 

peoperly. A shorted re- 

id cause the output te be 

tior taking place). The 


probably caused by i: 
direct check of the « 
inteqrator using a 
whether the circuit is 
sistor of gn open capac 
a duplicate of the input {no int 
value of the re: b on ohmmeter. 
While the capaciter car ase be or c short with 
the ohmmeter, it is better practice to use an in-circuit 
capacitance checker, anc also to check the capacitor for 
both proper value und leat 
R-L INTEGRATOR. 


APPLICATION. 

The R-L inteyrator is used as a 
in various types of electronic eg 
tadar, television and in other sp 
Tt is also used as an anclog in performing the mathematical 
function of integration ii computers. 


ping network 


CHARACTERISTICS. 
Produces distortion of the input + 
te 


Has a long time const 

Output is taxen across esistor. 

Has the conficuration of a low pass filter. 

Output is in the form of a veltaze that represents the 
average energy content of t efor: 


CIRCUIT ANALYSIS. 
General. An integrating circuit is a circuit whose output 
is substantially the tine integral of its input waveform. 
The R-L integrator circuit work t exact opposition 
to the R-L ifferentiator. It é onstant and 
the output is tcken from acress the re: 
constant of the integrator circuit is 5 t 
period of one alternation of the input waveform the circuit 
will electronically perform the mothematical operation of 
integration. This action 
approximation can he m y 
action is the heart of the operation of the 
brief review of inductor action fol! 
inductance is such as to oppose a 
opposition (impedance) exerte 
cause a counter emf is produced 
change in th qnetic field af the ind 
stant voltage is applied across an inductor, 
does not rise to a siaximus: value immediately. 


-L intesretor a 
property of 
trent. This 
xists be- 
the inductor b 


father, 


it is initially zero and increases at on exponenticl rate, 


decreases. Likewise, ¥ 
circuit current docs not ial] to zero immetiately, put de- 
creases at an exponential rcte as the enerty store? ir the 
magnetic field of the inductor is tiscnarge 1. In the R-L 
integrator circuit the longer the t ‘ant, the more 
closely the output waveiorm follows the ideal integrator 
waveform. However, the longer the time constant, the 
smaller is the output voltage. 
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Circuit Operation, The accompanying schematic diaaram 
illustrates 4 typical R-L inteqrator. 
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Typical R-L Integrator 


This R-L integrator consists of a series & 
with the output teken across the resistor. The cnarge und 
discharge time of the inductor (the tine constant} is deter- 
tained Ly the values of inductors and resistance in the 
circuit using the formula TC=L/R. Thus an integretor cir- 
cuit consisting of a .] henry inductor and a 10,000-ohm 
resistor has a time constant of 10 microseconds. 

When a square weve is applied to the input t of the inte- 
qrator cirenit ditetaniheging 46 Ty 
ance, caused by cou 
magnetic field is in, 


ter emf. ger nerated ae the expanding 
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exponentintly us the vi edan 
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output voltage is nearly linear, but the peak of the output 
‘ only s fraction of te amplitude of the 
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The following waveforms represent the integrating 
effects of various time constant integrator circuits on a 
square wove input. 
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Effects of Various Time Constonts On A Square Wave 


As can be seen from the waveforms in the illustration, a 
shart tine constant integrator has little effect on the output 
waveform, only the high frequency components (leading and 
tailing edges) cre attenuated. As the time constant is 
increased the Sutput Legins lo resemble a sweep waverorm. 
A further increase in time constant results in a more lineer 
tise and fail of the output woveform. Notice that the Output 


no sig 
pui. Gut: the incuctor and the resistor can easily be 
checked for the above sentioned conditions with an ohm- 
meter. Presence ot the input siqnal can be determined by 
observing the waveform mesent at the inout to the integrator 
with on oscilloscope. 
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Distorted Gutput. Generally speaking, an integrator 
circuit will either function as designed or not at all. How- 

ever, it is possible for either the inductor or the resistor 
to change value. This would change the integrator tine 
constant, dnd the output waveshape would be altered, The 
resistor may be checked for proper value with an ohmmeter, 
and the inductor can be checked for proper value with an im- 
pedance bridge. It is also possible for the inductor to be- 
come shorted or the resistor to become open. This would 
result in the output being a duplicate of the input (no inte- 
gtation taking place). The components can be checked as 
explained previously. The most common cause of distorted 
output is probably distorted input. The quolity of the input 
signal can be easily determined by viewing the waveform 
present at the integrator input with an oscilloscope. 


SATURABLE-CORE REACTOR PEAKING CIRCUIT. 


APPLICATION. 
The saturable-core reactor peaking circuit is used to 
produce a peaked pulse of voltage from a sine wave input. 


CHARACTERISTICS. 
Utilizes a saturable reactor. 
Output voltage pulses are in phase with the input signal. 
Usually operated near resonance. 
Output pulse width is determined by the circuit Q. 


CIRCUIT ANALYSIS. 

General. The saturable-core reactor peaking circuit 
produces sharp voltage pulses from a sine wave input signal 
by utilizing the properties of a saturable reactor. A satura- 
ble-core reactor is a type of inductor in which a relatively 
low value of current produces magnetic saturation of the 
core, 

Magnetic saturation of an inductor core can be defined 
as the point where a further increase in current flow through 
the inductor windings does not result in any further increase 
in magnetic field. The property of inductance is such as to 
oppose a change in current. This opposition (impedance) 
exerted by an inductor exists because a counter e.m.f. is 
produced across the inductor, which opposes the applied 
voltage. If the core of a inductor were to become saturated, 
the counter e.m.f. would drop to a low value, and its op- 
Position to current flow {impedance} would also drop to a 
low value. It is this ability to change impedance that 
enables the saturable-core reactor peaking circuit to pro- 
duce a pulse output from a sinewave input. 

Circuit Operation. The accompanying schematic dia- 
gram illustrates a typical saturable-core reactor peaking 
circuit. 

The circuit illustrated cbove consists simply of con- 
ventional capacitor Ci, conventional inductor L1, and 
saturable core reactor 12. Component values are chosen so 
that the circuit appears slightly capacitive when L2 is 
saturated and slightly inductive when L2 is unsaturated 
(the inductance of L2 decreases when L2 becomes saturated). 
To illustrate the capacitive-inductive relationships when L2 


CHANGE 2 


0967-000-0120 WAVESHAPING 
INPUT OUTPUT 
oe 
th tz t3 
cl { < 
ul 
| 


Saturable-Core Reactor Peaking Circuit 


is saturated or unsaturated, assume for the sake of illustra- 
tion that Cl has o capacitive reactance of 100 ohms at the 
operating frequency and that Ll has an inductive reactance 
of 75 ohms at the operating frequency. Assume further that 
L2 also has an inductive reactance of 40 chms when un- 
saturated and 10 chms when saturated. The reactance of 
both Cl and Ll remain constant. It can be seen that during 
the period when L2 is unsaturated there is a total of 1i5 
ohms of inductive reactance and 100 ohms of capacitive 
teactance in the circuit. The circuit, therefore, appears 
inductive since the effect of Ll predominates. Likewise, 
when L2 is saturated there is 100 ohms of capacitive re- 
actance but only 85 ohms of inductive reactance, and the 
circuit now appears capacitive. 

When o sine wave is applied to the saturable-core reactor 
peaking circuit, L2 becomes saturated by the relatively 
high current flowing through it, and the voltage across L2 
is very low, since the inductance of L2 is also very low at 
this time. Since the circuit is slightly capacitive during 
the saturation of L2, the current in the circuit leads the 
applied voltage by almost 90°, and the output voltage is 
approximately 180 degrees out of phase with the applied 
voltage, since the voltage across L2 also leads the current 
by nearly 90°. This output voltage is very low in amplitude, 
since L2 offers little impedance while in the saturated state. 
Inductor L2 becomes unsaturated when the input voltage is 
at a peak, since at this time circuit current is at a mini- 
mum due to the 90° phase shift. At this time (when L2 is 
unsaturated) the inductance of L2 becomes high. This 
makes the circuit highly inductive and causes the circuit 
current to lag the applied voltage by clmost 90° However, 
the voltage across L} (the output) leads the circuit current 
by almost 90°, since voltage leads current across an induc- 
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tor and is, therefore, in phase with the input. This condition 
persists for only a short period of time until the circuit cur- 
Tent increases and becomes sufficient to saturate L2, Dur- 
ing this short period of time a large amplitude pulse which 
is inphase with the input is produced. The duration of this 
pulse coincides with the duration of the unsaturated con- 
dition of L2 and is determined ly by the circuit Q. 
Thus, « large amplitude positive pulse is produced wher, 
the applied sine wave p s through its positive peax, 
and a large amplitude neyative pulse is produced when the 
applied sine wave passes through its negative peak. Since 
L2 is saturated during most of the vcle, the output 
is extremely low except for the snort time during the pea 
of voltage wnen L2 1s in an unsatursted tondition. 


Input ¢ 


FAILURE ANALYSIS, 

No Output. 4 no-cutr 
component in the saturable reactor pe 
shorted or open. Indurters (locnd v 
by Meusuring the resistance of the windings and checking 
for a short or leakage to ground with an ohmmeter. Canace 
itor Cl can be checked with an in-cireuit capaci 4 
Do not overlook the possib: i y that a no~output condition 
is the result of no-input. 
observing if the waveform is 
with an os! 


resent ct the circuit input 


cilloscope, 


Low Output, Generally sveaking, since there are few 
components involved, the saturcble-core reactor peaking 
circuit will either function os designed or not at all. How- 
ever, a low-output condition could result from a partially 
shorted component or trom excessive leckage to ground of 
the windings of Ll or L2, or from a low amplitude input. 
Resistance checks of the indzeter nqg-and resistance 
checks to ground, with, the bottom of L2 disconnected, 
should reveal whether or not a partially snorted coe 
ot leakage to ground is the couse of low output. Tne am 
Plitude of the input signa! can ea. cad by ie 
ing the yortetoitt present at the inpu han oscilloscope. 

Distorted Outpur. Since the duration of the output pulse 
is determined mainly by the © of tne circuit, a shane in 
citcuit value could alter tne 0 at the 
the output waveshape. Th 
ground should be mo 
ground would affect the circuit @. Cl 
checked for proper value with ar imped 
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APPLICATION. 
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CHARACTERISTICS. 

Reshapes pulses into pulses with sharp leading and 
trailing edges. 

Utilizes two transistors connected in the common-emitter 


onfiguration. 


Q 


Reguires three power supply voltages. 
Ouepat pulse wy is constant and is det 


CIRCUIT ANALYSIS. 


The semiconductor pulse shaping circuit con- 
nemitter amplifiers. The first stage, 
loa:!, performs the primary 


General, 
sists of twa come 
which empleys cn R 
piupiy lucien and contral 
second stage, an overdriven amplifier, serves as a buffer 
power amplifier, and in addition es off the trailing 
edge of the output pel 
@ OULPut Pulse , 
values of the inductive first stage and the input 
capacitor, but isalso affected by transistor characteristics, 
as well as changes in the cover supply voltage. In ost 
instances circuit values are chosen which produce an out- 
put pulse width of 1 microsecond, 

Circuit Operation, The accompanying schematic dicaram 
illustrates ¢ typical 3 ductor pulse shaper using the 
common-emitter configuration. 


coll 


1. 


INPUT CI 


J form the callector load for t 
of C2 together with iesistur MS iuums an interstage 

om the collector of Q1 to the base of G2. 
ch ls operated as an overdriven amplitier, 


output staze, vith resistor R4 as its collector 
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load, and diode CR2 limiting the output to the level of the 
-6 volt power supply. 

In the quiescent state (no signal input) transistor Q1 
is reverse biased by the positive voltage at the junction of 
voltage divider RI-CR1. The collector of Ql is at ap- 
proximately ~6 volts since Q1 forward collector current is 
cut off, and transistor Q2 is heavily forward biased by the 
negative collector voltage of Q] direct-coupled through R3. 
With Q2 conducting heavily, the output voltage is very 
close to ground potential. When a negative pulse is applied 
to the pulse shaper, voltage divider diode CRI is reverse 
biased and transistor Q1 is driven into conduction by the 
charging current flowing through the emitter-base junction 
of QL and into capacitor Cl. The rapid rise in charging 
current through the emitter-base junction of Q] rapidly 
drives O1 into saturation, and the voltage on the collector 
of Ql rises sharply to ground potential. This rapid positive 
swing in collector voltage on Q] is coupled through R3 and 
C2 to the base of output transistor Q2, and Q2 is rapidly cutoff. 
The collector voltage of Q2 (the output voltage) which was 
previously held at ground potential! due to the heavy 
conduction of Q2 now rapidly falls to the -6 volt supply 
level. This is the beginning of the output pulse. The am- 
plitude of the output pulse is maintained ot a constant -6 
volts by the uction of limiting diode CR2. Transistor Ql 
is maintained in a saturated state by the charging current 
of Cl flowing through the emitter-bose junction of Ql. This 
current decreases as Cl becomes charged, but remains suf- 
ficient to keep Q) saturated for the duration of the output 
pulse. During the period when Q] is saturated, collector 
current is limited by the impedance of the load (L1 and R2). 
Initially, the impedance of L1 is high, but it decreases as 
L} becomes charged ond collector current increases. Con- 
sequently, during the period when Q] is in saturation, col- 
lector voltage on Q] remains constant and output transistor 
Q2 remains cut off. Hence, the output voltage remains ct 


~6 volts. When the desired output pulse width is completed, 


the impedance of L1 is so low that the base drive caused 
by the charging current of Cl is insufficient to maintain 
collector curtent at the previous level. (Base drive de- 
creases as C] charges). Collector current then decreases 
rapidly and Ql collector voltage quickly falls to ~6 volts, 
which drives output transistor Q2 into saturation. The 
output voltage rises sharply to ground potential as the 
conduction of Q2 increases. The rapid transition of Q2 
from cutoff to saturation is aided by the discharge through 
the emitter-base junction of Ql, of the eneray stored in Ll. 
The term ‘cutoff! has been used loosely in the preceding 
paragraphs. Actually the transistors are not cut off in 

the sense that a vacuum tube can be cut off, since there 
is always some reverse leakage current flowing, but the 
Magnitude of this current is insignificant. The values of 
Cl and Li are the determining factors affecting output pulse 
width, since the output pulse is completed when Ci and Ll 
become fully charged and cause the collector current of Qi 
to begin decreasing. 
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FAILURE ANALYSIS. 

General. When mocking voltase 
tube voltmeter to avoid the low va 
ance employed on the low voltage ranzes of the stendaré 
20,000 ohms-per-volt :neter. Be careful clso ta observe pro- 
per polarity when checking continuity with cr ohmmeter, 
since a forward bias through any of the transistor junctions 
will cause a false low resistance readi 

No Output. A no-outputcondition cculs result from 
failure of either transistor or fc of one of the power 
supplies. Semiconductor circuits are seneratly miniaturized 


printed circuits. Circuits of this type are ¢ to shorts 
caused by a small drop of solder, or eny conductive object 
that may fall across printed circuit leads, or th leads 


may become open by a hairline creck in the printe? 
Plug-in type contacts, ofter employed in orinted circuit 
boards, sometimes fai] to make contact due to dirty or bent 
contacts. It is often wise to visually check the orinted 
Circuit board for evidence of any of the above conditions 
before attempting to trouble-shoot tne ci Power supply 
voltages should be checked with a vacuum-tube-voltmeter, 
ond adjusted or repaired if necessary. Its 


hould be noted 
that deterioration with age causing !ack of aain may result 
under high temperature conditions. Unlike vacuum: tubes, 
however, transistors have operated for 
able deterioration under proper operating conditions, 
If the transistor is not at fault, a defective circuit 
component is likely the cause of no output. Voltace checks 
of transistors elements with a vacuum tube voltmeter, or 
resistance checks with the circuit deenergizec, should 
indicate the component at fault. Resistors R3 or Rd could 
cause a no-output condition if they failes, as could diode 
CRI if it became shorted. Failure of other circuit compo- 
nents could possibly cause a no-output condition to exist, 
but ore much more likely to cause distortion of the output 
waveshape. This condition will be discussed in detail in 
the following paragraph. Do no overlook the possibility 
that a no-output condition is the result cf no input signal 
teaching the pulse shaper. Theexistance of this condition 
can readily be determined by observing the waveform pre- 
sent at the input to capacitor Ci with an oscilloscope. 
Distorted Output. The term distorted output is used in 
the foliowing paragraph to describe any output condition 
other than the proper output with respect to pulse width, 
pulse amplitude, and pulse rise and fall time since a circuit 
defect usually causes more than one of these symptoms of 
improper output to appear. Defective transisters and impro- 
per power supply voltages are often the cause of a distorted 
output. The power supply voltages should be checked and 
adjusted if necessary, they should be within 10% of their 
nominal values. If the power supply voltages are correct 
and the transistors are good, a defective circuit component 
is the next most likely cause of improper output. A signifi- 
cant change in the value of any compenent could alter the 
output waveshape. Since the value of Ll and Cl determine 
the pulse width a change in the value of these components 
would, naturally, affect the output pulse width, Ll and Cl 
can be checked for proper value on an inductance-capaci- 
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tance bridge. Resistors Rl and R2 also affect pulse width 
but to a lesser degree than Cl and Ll. Diode CR2 limits 
the amplitude cf the output pulse to -6 volts. If CR2 
opened, the amplitude of the output pulse would increase. 
The input pulse must be of the correct polarity, and have 
sufficient amplitude and duration to properly triqger the 
pulse shaper, if a good output pulse is to be ed 
The cond 


on of the input pulse may be checked by ob- 
serving the waveform present at the input to capacitor Cl 
with an oscilloscope. 
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